Eight experiments investigated the effects of visual, spatial, auditory, and executive interference on the symbolic comparison of animal size and ferocity, semantic goodness of words, and numbers. Dynamic visual noise (DVN) and the reading of visually presented stimulus items were shown to selectively interfere with response times on the animal size comparison task, though the slope of the symbolic distance function remained unchanged. Increased change of DVN significantly increased interference, but interference was reduced by equiluminant DVN. Spatial tracking reduced the slope of the symbolic distance function in contrast to an executive task that only increased mean latency and errors for all comparisons. Results suggest that the generation of an image is necessary for size comparison, but neither imagery nor executive function is responsible for the frequently observed distance-time function.
The symbolic distance effect, showing that response times (RTs) are a function of the separation of two objects compared in memory, has been repeatedly demonstrated for a wide range of dimensions (Holyoak & Walker, 1976; Moyer, 1973; Moyer & Landauer, 1967; Paivio, 1975) . This effect prompted an extensive though unresolved debate about the underlying representations used in symbolic comparisons (e.g., Anderson, 1978; Banks, 1977; Potts et al., 1978) . Recent investigations of the symbolic distance effect and related comparison tasks have concentrated on quantitative modeling of RT effects (e.g., Leth-Steensen & Marley, 2000) and the nature of the decision-making process (Choplin & Hummel, 2002; Petrusic, 1992; Shaki & Algom, 2002) . Although inferences about the underlying representation used in a symbolic distance task can be made from these studies, the issue has not been directly addressed recently. The question remains as to the nature of the mental representations underlying judgments on symbolic distance tasks.
The aim of the present study was to investigate the nature of the representations that support symbolic comparisons by measuring the effects of visual, spatial, and auditory interference tasks. We report eight experiments in which we explored the effects of a range of interference tasks on concrete and abstract comparisons. First we review previous research that provides evidence as to the nature of the representations that underlie symbolic comparisons and research that has led to the development of a new, modalityspecific visual interference task. Moyer (1973) observed that the symbolic distance effect was analogous to the established psychophysical function found when perceptual stimuli are compared (e.g., Johnson, 1939; Welford, 1960) . The similarity in psychophysical function between symbolic and perceptual comparisons was originally taken as evidence that the use of a visuospatial representation was responsible for performance on the symbolic comparison task. Moyer argued that for comparison of animal sizes, an internal psychophysical judgment took place when the animal names were converted into an analog representation that preserved physical size. This interpretation was reinforced by subsequent experiments involving decisions on concrete dimensions, such as judgments of color, brightness, and hue (Paivio & te Linde, 1980; te Linde & Paivio, 1979) , the size of angle formed by the hands of clocks (Paivio, 1978a) , and the areas of countries (Chew & Richardson, 1980) .
The interpretation that an analog representation was the source of the symbolic distance effect was challenged by results showing that exactly the same function was obtained for abstract comparisons. Examples included judgments of animal ferocity and the military power of countries (Kerst & Howard, 1977) , comparisons of animals' intelligence (Banks & Flora, 1977) , frequency and pronounceability of words (Paivio, 1978b) , and the comparisons of temperature, quality, and time (Holyoak & Walker, 1976) . A similar function was also obtained for judgments of position in learned series that used linguistic stimuli (Potts, 1972 (Potts, , 1974 .
One possible explanation for these findings is that a mental image or visuospatial representation is involved in judgments about physical entities even when compared on semantic or abstract dimensions (e.g., Richardson, 1980) . Paivio (1978b Paivio ( , 1978c argued that if properties are attributes of objects, then comparison of these properties necessitates the production of an image of the object. However, the notion that an image is the source of the symbolic distance effect is difficult to defend in light of Friedman's (1978) results showing clear symbolic distance effects using nonimageable, nonconcrete words on a dimension with no physical analog, the relative "goodness" of words.
That imagery or an analog representation is not the source of the symbolic distance effect is not the same as saying images are not used in such comparison tasks. A distinction must be drawn between a representation that is functionally similar to perception and a comparison process that is functionally similar. Likewise a distinction must be drawn between the representation of the items themselves and the representation of the scale on which they are compared. It is also necessary to highlight the fact that many different forms of analog representation have been proposed as being used in cognitive tasks. The representations range from the concrete images of the actual items proposed by Paivio (1978b) and Kosslyn (1976) to the analog magnitudes proposed by Moyer and Landauer (1967, 1973) , the spatial dimensions proposed by Holyoak and Patterson (1981) , and the use of a spatial array proposed for the solution of three-term series problems (Huttenlocher, 1968) . Even more abstract are the quasi-perceptual mental models proposed by Johnson-Laird (1983) suggested to underlie reasoning (Knauff & Johnson-Laird, 2002) . Although these examples all come under the general heading of analog representation, their nature and the types of information they predominantly use seem very different.
There are several other effects obtained with stimulus manipulation in comparison tasks that have been used to suggest that an image or underlying analog representation might be used or can be used, even if such a representation is not the source of the symbolic distance function. However, much of the evidence is equivocal. One of the original effects observed in a comparison of pictorial stimuli (Paivio, 1975 (Paivio, , 1978b was Stroop-like interference when the size of the presented stimulus was incongruent with the size of the object stored in long-term memory. This effect was reversed (Paivio, 1975) when judgments had to be made about which member of a pictorially presented pair looked further away. This incongruence effect strongly suggests that images are retrieved to perform the task and that interference occurs when these conflict with the size of the presented picture.
The picture superiority effect (Paivio, 1975 (Paivio, , 1978b was originally thought to be evidence that pictures have privileged access to an underlying pictorial representation used in the comparison task. However, Banks and Flora (1977) showed that picture effects were only additive with symbolic distance and were best explained in terms of encoding rather than processing using images. By removing confounds of stimulus modality and visual angle, Amrhein, McDaniel, and Waddill (2002) found that there was no picture superiority effect with concrete features and concluded that stimulus modality does not confer privileged access to modalityspecific storage of features.
Range effects obtained for learned series of circles of different sizes were also originally thought to demonstrate the use of analog size information to perform the task (Moyer & Bayer, 1976) . Increasing the absolute size differences speeded performance when the ordinal distance remained constant, thus indicating that absolute size information played a functional role in the comparison task. However, there is conflicting evidence from studies that failed to replicate the range effect (e.g., Banks, Mermelstein & Yu, 1982; Henderson & Well, 1985) . Additionally, Banks et al. found that comparisons between two learned items were faster than comparisons between a perceptual and a learned item. This is at odds with an imagery explanation, for if an image or some form of analogical representation is used, then the learned comparisons should require the formation of two mental images and thus take longer. Like the symbolic distance effect, the semantic congruity effect also has its origins in psychophysical perceptual judgments. It was first demonstrated as the crossover effect in RTs to discriminate brightness and pitch (Audley & Wallis, 1964) . When explored using symbolic comparisons, it has been the focus of extensive investigations comparing the processes underlying the use of perceptual and symbolic stimuli (e.g., Petrusic, 1992; Petrusic & Baranski, 1989) . It is argued that because the wording of a comparison (larger or smaller) affects RTs, comparative responses cannot depend solely on analog differences. There are reported difficulties in replicating the crossover effect with perceptual stimuli (e.g., Marschark & Paivio, 1981) . Banks (1977) went as far as to suggest that a congruity effect will only be found when there has been a symbolic interpretation of physical stimuli. This position clearly implies that any symbolic distance paradigm in which semantic congruity is found must be processed symbolically. Recent evidence (Petrusic, 1992; Shaki & Algom, 2002) suggests that the semantic congruity effect occurs as part of an evidenceaccrual-based decision process and is still compatible with the use of an analog-based comparison process. The combination of pictures and words used by Shaki and Algom (2002) allowed differentiation of the Stroop effect from both the semantic congruity effect and the distance effect. The conclusions drawn were that both the semantic congruity and symbolic distance effect occur after encoding as part of the decision process.
More evidence that visuospatial representations are used in symbolic comparison tasks comes from investigations of selfreports of strategy and studies relating comparison performance to spatial ability. In a study by Richardson (1979) , introspective reports revealed that an imagery strategy was used in comparing both concrete and abstract properties of concrete objects but not when making abstract comparisons of abstract items. Hatakeyama (1984) found that performance on the Betts Questionnaire Upon Mental Imagery predicted overall speed on a size comparison task but not the slope of the symbolic distance function. Imagery ability as measured by spatial ability was found to be related to the speed of comparing mental clocks (Paivio, 1978a) and to the speed of symbolic comparison of pictures, nouns, and abstract nouns on the abstract dimensions of value and pleasantness (Paivio, 1978c) . All the relationships reported appear to be with the average speed of the comparison process and not the slope of the symbolic distance function. This would suggest that the relationship results from high imagers having an ability to form images faster. As Paivio (1978b) observed, although there is little conceptual relationship between abstract attribute processing and spatial ability, the relationship found is consistent with the proposal that the abstract dimensions judged are still attributes of things, and therefore generation of images of these things will facilitate comparisons.
One problem with arguing for the use of an analog representation in size comparison tasks was pointed out by Banks (1977) , who observed that there is no need to invoke the use of an image to explain the results of size comparison experiments because the size information must be retrieved prior to image construction. The imagery process is therefore not necessary for comparison of sizes, because the size information is independently available. This perspective gained some empirical support from Holyoak (1977) , who found that instructions on the size at which to imagine the first of a sequential pair only had an effect when the participants were explicitly told to use imagery for the comparison itself. Using a secondary task of imaging digits, Holyoak showed that although comparisons were slowed by holding two mental images, the interference caused by imaging digits was less for a no-imagery instructions condition, indicating that it is not necessary to use a mental image to perform the task.
Reviewing the evidence for the use of imagery in symbolic comparisons, Petrusic and Baranski (2002) concluded that the evidence for the use of images or analog representations is muddled and incomplete and provides little or no support for a picture theory of mental imagery. However, they did observe that results from psychophysical studies provide evidence for "an analog based interval scale representation" (p. 206).
An important technique for examining whether a given form of representation is used in a task is to examine whether there is any decrement in performance on that task when it is carried out simultaneously with a secondary task that is specific to the modality or processing system to be explored. This method has been used extensively to establish separable components of processing within the working memory framework (Baddeley & Hitch, 1974) . For example, within research into visuospatial short-term memory (VSSTM), the dual task methodology has enabled identification of the separation between visual and verbal coding within working memory (e.g., Farmer, Berman, & Fletcher, 1986) and, to the extent that it is possible to define spatial coding (Quinn, 1994) , a separation between a spatial and visual code in VSSTM (Baddeley, 1990) . Until recently, what has been lacking is a strong technique to selectively interfere with purely visual information in VSSTM. Previously used interference tasks such as pointing and tapping (e.g., Brooks, 1967 Brooks, , 1968 Smyth & Scholey, 1992) interfere primarily with spatial information and confound visual, spatial, and temporal dimensions. Indeed, the lack of visual interference as opposed to clear spatial interference has led to suggestions that VSSTM is predominantly spatial in nature (Baddeley & Lieberman, 1980) . Initial attempts at a purely visual interference task were provided by Logie (1986) , who used the display of irrelevant pictures, arguing that as an interference task it gained obligatory access to the visuospatial sketchpad component of working memory in an analogous fashion to the irrelevant speech effect reported by Salamé and Baddeley (1982) . One of the problems of this technique was the possibility raised by Logie that the attentional demands of changing irrelevant pictures imposed a load on the central executive (CE) compared with the nonvisuospatial control task. This suggestion echoes the results of Hines and Smith (1977) , who found that only attended shapes and grids affected performance on a visual recognition task.
The idea of a purely visual interference task as opposed to a spatial one (such as tapping or pointing) to selectively interfere with visual information in the visuospatial sketchpad was further developed in a series of studies by Quinn and McConnell (1996a, 1996b; see also McConnell & Quinn, 1996 , 2000 . Their experiments established the use of dynamic visual noise (DVN) as a technique to allow selective interference with the visual component of visual short-term memory. DVN is a pattern consisting of small black and white squares that randomly switch color over time. The rationale for the choice of pattern and change was that unlike irrelevant pictures, the random unstructured pattern and random change of DVN would be unlikely to focus attention in space or time.
A separation of visual and spatial components of visual memory was shown by selective interference of a visual mnemonic (peg and hook) by DVN and selective interference of a spatial and temporal mnemonic (the method of loci) by a spatial tracking task (Quinn & McConnell, 1996a) . Quinn and McConnell (1996b; McConnell & Quinn, 1996) demonstrated that, unlike DVN, irrelevant pictures invoked CE involvement, as this technique interfered not only with a visual mnemonic task but also with memory for word lists. This dissociation of the effects of DVN compared with irrelevant pictures served to emphasize the selective and specific interference caused by DVN compared with the more general interference and executive recruitment of irrelevant pictures. Subsequent experiments (e.g., McConnell & Quinn, 2000) involving principled manipulations of the DVN revealed that an increase in the rate of change from 5% to 10% significantly increased interference, though there was no additional increase in interference with a 30% rate of change. It was also shown that a single dot changing within a spatial uniform display interfered with performance (Quinn & McConnell, 1999) , but a static noise field did not interfere (McConnell & Quinn, 2000) .
Although there is a growing body of evidence that DVN selectively interferes with images generated from long-term memory, there is increasing controversy over whether it also interferes with perceptually sourced images or visual memory. Both Andrade, Kemps, Werniers, May, and Szmalec (2002) and Zimmer and Speiser (2002) found no interference by DVN with memory for matrices. However, the extent to which these matrices test primarily visuospatial memory is open to question. Although there were principled manipulations of the visual memory task in Andrade et al.'s study, there was no manipulation of the parameters of the DVN. All experiments obtaining null results used 5% DVN, a surprisingly consistent choice considering the fragile nature of DVN interference (Quinn & McConnell, 1996b) and given that McConnell and Quinn (2000) had shown a 10% DVN rate to be more effective than 5%. In support of this, Dean, Dewhurst, Maidaa, and Kirby (2002) reported that DVN can interfere with perceptually sourced images in a recognition memory task using spans of lines of different orientation or length, if the change in stimuli is small and the noise either specific to the features being judged or at a rate of 50%. With the exception of Quinn and McConnell's studies, there has been little consistency in either the presentation or nature of the DVN and little principled manipulation of the parameters of DVN when no interference was found. However, the above findings suggest that perceptually sourced images are far harder to interfere with than images generated from long-term memory and that DVN might have the most impact during the generation of images.
The research reviewed above demonstrates the utility of DVN as a tool for investigating the nature of the representations used in imagery tasks. The aim of the present research was to use DVN as a secondary task to investigate the representations used in symbolic distance judgments. There is evidence to suggest that such an approach might be productive. For example, Englekamp, Mohr, and Logie (1995) investigated comparative judgments of size and found that articulatory suppression increased the number of errors with both verbal and pictorial stimuli, whereas tapping only increased error rates with pictorial stimuli. Vandierendonck and De Vooght (1997) demonstrated that tapping interfered with premise intake and reasoning accuracy on four-term series problems. However, it is open to question whether the interference caused by tapping on these tasks was due to the visuospatial or temporal properties or to the executive requirements of the interference task.
Other evidence that selective interference is worth exploring comes from the exploration of sentence verification times. Glass, Eddy, and Schwanenflugel (1980) and Eddy and Glass (1981) showed that reading selectively interfered with the judgment of high imagery sentences and not with low imagery sentences. This interference was shown to be with the verification process rather than initial sentence comprehension (Glass, Millen, Beck, & Eddy, 1985) . There is some dispute (e.g., Baddeley, 1986) over whether the interference from reading is spatial or visual in nature, despite the use of rapid serial visual presentation of the sentences by Eddy and Glass (1981) . Although comparisons have been made with visual pictorial presentation of objects and visual word presentation in comparison tasks (e.g., Banks & Flora, 1977) , to our knowledge nobody has yet compared auditory and visual presentation of the words on a symbolic distance task. The use of both auditory and visual presentation is necessitated by the nature of DVN requiring auditory presentation of test stimuli and an analogous domain-specific interference task (irrelevant speech) requiring visual presentation of test stimuli. Additionally, nearly all existing research on the symbolic distance function has used visual presentation of the stimuli, and thus this is a necessary control for comparison to ensure that auditory presentation is not altering the comparison task in some fundamental way. A further aim was to identify the effective parameters of DVN by systematically manipulating the rate of change and brightness change in the DVN. This objective, however, was conditional on finding a task that DVN interfered with in the first place.
Experiment 1
For the initial experiment, we investigated comparison of animal size. As the aim of the experiment was to demonstrate selective effects of DVN, it was also necessary to demonstrate that other secondary tasks did not interfere with size comparison. We therefore included a condition in which irrelevant speech (a recording of passages from the Hebrew Old Testament) was presented during the size comparison task, as this has been shown to interfere selectively with the retention and rehearsal of verbal information (e.g., Quinn & McConnell, 1996b) . As a control to the auditory interference, and to investigate whether reading interfered with the comparison process, we presented the animal names visually with no secondary task. A spatial interference condition was included because of the role spatial information in visuospatial memory might play in a size comparison task and because of the ambiguity as to the extent of visual and spatial representation in the analog representations that have been proposed. As discussed earlier, it has been suggested that the effects of reading on sentence verification might be due to spatial interference (Baddeley, 1986) . If size comparison relies on spatial information in a pictorial image, one would expect performance to be disrupted by a spatial task.
Experiment 1 used five main conditions: two control conditions (visual presentation and auditory presentation of words), visual presentation with irrelevant speech, auditory presentation with a spatial task (tracking a moving dot), and auditory presentation with DVN. Additionally, five types of DVN were explored: three black and white versions with rates of change of 5%, 20%, and 50% per second, and two versions consisting of equiluminant color (red/ green and red/blue) with a rate of change of 50%. To make the auditory and visual presentation conditions equivalent, we presented items sequentially within each pair of names. One advantage of examining rates of change and differential interference of types of DVN in a between-participants design is that it can help rule out an expectancy explanation of results to which imagery experiments are particularly vulnerable. It was expected that visual presentation of the words would result in interference if images were used, and thus the expected effect of faster RTs to visually presented words would be negated or even reversed (cf. Eddy & Glass, 1981; Glass et al., 1980; Glass et al., 1985) . If the underlying representation used in the task was spatial, it was expected that the spatial secondary task would selectively interfere, whereas if it was visual, it was expected that the DVN would selectively interfere.
Prior to the size comparison experiment, we conducted a normative study to identify appropriate stimuli. Participants in this study were 221 undergraduates at Southampton Institute (Southampton, England) who filled out a questionnaire rating the sizes of animals in return for course credit. The questionnaire was administered to groups of approximately 20 participants, and the task took approximately 20 min. The 53 animal names appeared in alphabetical order accompanied by a 9-point scale with the ends labeled small and large. Participants were instructed to scan the entire list first to gain an impression of the range of sizes of the animals. They were then asked to rate the sizes of the animals on the 9-point scale where 1 represented the smallest size and 9 the largest. Instructions were read aloud by the experimenter before the ratings began. They were also printed at the top of the questionnaire. Means and standard deviations were calculated for the 53 animals and are displayed in Appendix A. The size data collected were used as the basis for the construction of the pairs of animal names used in the experiment.
Method
Participants and design. The 180 participants were undergraduates at Southampton Institute who participated for course credit or undergraduates at Lancaster University (Lancaster, England) who were paid £3 (about $5.40) for participation. None of the participants spoke Hebrew (the language used in the irrelevant speech task), all had normal or corrected vision, and none were color blind. The experimental conditions (auditory control, visual control, auditory interference, spatial tracking, DVN 5%, DVN 20%, DVN 50%, red/blue DVN 50%, and red/green DVN 50%) were manipulated between participants.
Materials. Pairs of animal names were selected on the basis of the ratings obtained in the normative study. There were 10 practice pairs and 42 experimental pairs (see Appendix B). The sequential nature of the stimulus presentation forced examination of an issue neglected in many symbolic comparison experiments. While most investigations of the symbolic distance effect have used simultaneous presentation of stimuli, what this actually means in practice is that, with the exception of stimuli that can be perceptually matched or compared (e.g., dot patterns, perhaps single digits), the items are probably read sequentially, and therefore the sequential order of the stimulus pair has not been controlled. To try to prevent anticipation and the use of probabilistic information that can arise from the sequential processing of information (Corballis, 1994; Link, 1990; Schwarz & Stein, 1998) , we constructed pairs so that each animal name was presented in the first position once only, and there was an equal probability of the second item being smaller or larger. To achieve this, we divided the experimental pairs into three groups on the basis of the size of first animal presented. For each group, half of the second names were larger and half smaller. Participants were informed of this fact. There are suggestions in the literature (Banks, 1977; Potts et al., 1978) that the end-term effects observed arise from probabilistic judgments based on one item of the pair only. The two animals at the extreme ends of the rating scale (flea and whale) were therefore not used as first names of pairs to avoid end-term effects. All stimuli were presented as Apple QuickTime movies at a rate of 30 frames per second. This form of presentation enabled the combination of reliably synchronized visual and auditory information.
For the conditions in which the animal names were presented auditorily, 3 s of silence were followed by the name of the first animal (all names took less than a second to pronounce and the remainder of the second was silent). Presentation of the first name was followed by a 1-s interval of silence. The name of the second animal was then presented, followed by silence for the duration of the trial. The auditory versions of the animal names were edited from a recorded list of all the names, read at a constant rate by a female postgraduate.
The control condition of auditory presentation was combined with a fixation point for the duration of the trial. For the spatial interference condition, participants were asked to track a moving black dot with their eyes (from Quinn & McConnell, 1996a) . The dot appeared sequentially in five different positions representing the points of a five-pointed star. The points of the star were 10 cm apart, and the dot appeared for 1 s at points in the repeated order 1, 3, 5, 2, 4. Tracking began from the onset of the trial and continued until response.
The DVN was adapted from Quinn and McConnell (1996b) and consisted of a display of an equal number of black and white dots covering an area of 320 ϫ 320 pixels, with each dot consisting of 2 ϫ 2 pixels. The display measured 10 cm 2 . For the black and white DVN, half of the dots were black and the other half white. For the equiluminant DVN conditions, half of the dots were red and the other half were blue in one condition and green in the other. The rates of change of the black and white DVN were 5% (320 dots per second [dps]), 20% (1,280 dps), and 50% (3,200 dps). The equal balance of black and white dots was preserved by having half the randomly selected dots change varying from black to white and the other half from white to black. A rate of change of 50% was used in both the red/blue and red/green equiluminant noise conditions.
For the visual presentation conditions, a fixation point was displayed for 3 s. The fixation point was followed by the display of the first name for 1 s, followed by a fixation point for 1 s and the name of second animal for 1 s. A fixation point was then displayed for the duration of the trial. All animal names were displayed in Helvetica 36-point font. The irrelevant speech condition involved the simultaneous presentation of the Hebrew readings from the Old Testament used by McConnell and Quinn (1996) . In all conditions, a trial automatically ended if a participant had not responded within 10 s. All the secondary tasks were presented from the start of the trial. The 3-s interval before the onset of the first word was necessitated by the spatial interference task in which participants were required to fixate and follow the dot before having to additionally attend to the auditory presentation of the stimuli.
The experiment was run using an Apple Macintosh (iMac) computer with a 14-in. monitor set to screen resolution 640 ϫ 480 pixels. Responses were made using the keyboard, which was marked with a red and blue dot on the l and s keys, respectively, the other keys being masked.
Procedure. Participants sat approximately 50 cm from the computer monitor, and headphones were worn even for the visual presentation control condition. Participants were informed that they would be presented with the names of two animals sequentially, and their task was to judge whether the second named animal was larger than the first. They were instructed to place their right forefinger on the red key (l on the keyboard, though this was masked) and their left forefinger on the blue key (s on the keyboard). Positive responses were made with the dominant hand. Trials were initiated by pressing the space bar with the thumb of either hand. Participants were informed that there were an equal number of trials on which the second named animal was larger or smaller, and furthermore that the experiment was constructed so that the size of the first animal was not related to whether the second named animal was larger or smaller. In all conditions participants were instructed to focus on the displayed fixation point or pattern. No instructions concerning the use of images were given.
To adjust the monitor brightness and contrast to obtain approximate equiluminance for each individual in the equiluminant noise conditions, we adapted two two-color images from Levine (2000) . Prior to the experiment, each participant adjusted the monitor brightness and contrast using a sliding control, until they felt the colors in the two color images were equal.
After the presentation of 10 practice trials, participants were asked if they understood the task and had any questions. They then proceeded with the 42 experimental trials presented in random order. RTs were recorded from the onset of the second name of the pair. The experiment lasted 20 -25 min. After the experiment participants were debriefed and shown exemplar trials of the other interference conditions. They were asked which irrelevant task they felt was the easiest and which they thought would interfere (if at all) with comparison performance.
One potential problem with the method was that if the visual secondary tasks were distracting, participants might choose to ignore the visual tasks, and thus any null effects might simply be due to not attending to the noise. During the presentation of the stimuli, the experimenter checked that the participant was attending to the visual and spatial secondary tasks or observing the fixation point. Failure to comply occurred on less than 1% of trials, which were subsequently recorded as errors.
Results
A list of abbreviations for the presentation conditions used in the tables is provided in Table 1 . Mean RTs were calculated for each Examination of the pairwise comparisons 1 for each condition shows three main findings. First, it is clear that DVN impairs performance on the size comparison task. There was a clear and significant difference in mean RTs for the DVN conditions compared with the auditory and visual presentation control conditions and the spatial and auditory interference conditions. Second, the interference caused by DVN increased with the rate of change. Performance with a 50% rate of change was significantly slower than performance with a 5% rate of change. It is interesting that performance with DVN at a rate of 50% was significantly slower than performance with equiluminant DVN at a rate of 50% change. Finally, there was no effect of auditory interference relative to the visual presentation control condition. Along with the lack of effect of the spatial interference, this suggests that the interference shown by DVN is not a result of the fact that any secondary task will interfere with size comparison judgments. It is also worth observing that performance on the visual presentation control condition was not significantly slower than the auditory presentation control condition.
Error analysis. The arcsine transformation of the square root of the correct proportion was applied for all analysis of errors (Howell, 1997) . The mean number of errors was fairly low (7.6%), considering this was an open-set design with no repetitions of the pairs. A one-way ANOVA showed no significant difference between the accuracy in each condition (F Ͻ 1). Pairwise comparisons of accuracy for each condition revealed no significant differences in accuracy between any experimental condition. There was a small but significantly negative correlation between RT and accuracy for each participant (r ϭ Ϫ.22), indicating that slower participants made more errors. Correlation of accuracy and mean RTs across pairs revealed a strong relationship (r ϭ Ϫ.63), whereby pairs for which the RT was longer were also associated with more errors. This relationship remained the same across interference conditions when the correlation between accuracy and RTs for pairs were examined for each interference condition separately.
It is important to eliminate the possibility of speed-accuracy trade-offs. Although there were no differential effects of interference on accuracy overall, it is a valid question to ask whether there was a speed-accuracy trade-off for close pairs in which there might be expected to be an effect of visual interference if DVN was disrupting the comparison process itself. To this end, a separate one-way ANOVA was performed on the transformed accuracy rates for the 15 pairs with a distance less than 1 and for the seven pairs with a distance less than 6. In both cases no significant difference was found (F Ͻ 1), and none of the pairwise comparisons were significantly different.
Analysis of the symbolic distance function. Although the overall speed of response was clearly decreased by DVN, this tells us only about the mean latency. Such an analysis is not informative as to whether DVN interfered with the comparison process. It is therefore necessary to investigate whether the slope of the size difference versus RT (or accuracy) regression was changed by DVN. Although the above ANOVA could be conducted on the intercepts of the slope, such an analysis is dependent on the choice of a particular function and its fit to the data. Comparison of intercepts is also only meaningful should the slopes of functions not be significantly different (Pedhazur, 1997) . There is also the possibility that if the interference tasks either affect the processes underlying the symbolic distance effect or change the representations easiest to use on the task, then different functions may fit for different interference conditions. With regard to the issue of analyzing the intercepts versus the overall mean analysis described earlier, we felt that the uncertainties over the specific function and the fact that the slope and intercept are linked would be reflected in the intercepts obtained, thus an overall ANOVA of mean RT was a more meaningful test than analysis of the intercepts.
There has been considerable debate in the literature as to the most suitable equation representing the symbolic distance effect. This has arisen because it was hoped that the terms of the best predicting equation would be informative as to the type of representation used or the way it was used in the comparison process. Moyer (1973) examined the logarithm of the size difference be- Note. List of conditions is defined in Table 1. tween the pairs, and Moyer and Landauer (1967) fitted the Welford (1960) 
to the comparison of digits (where L and S are the magnitudes of the larger and smaller items of the pair, respectively). In contrast, Parkman (1971) argued that the RT to a pair of digits is more a function of the size of the smallest digit. This minimum effect was also observed by Buckley and Gillman (1974) . Dehaene (1989) proposed the more generic term magnitude effect because when distance is kept constant across pairs, the minimum and maximum are perfectly correlated. Moyer and Landauer (1973) reanalyzed Moyer's (1973) data and found that RT was a function of both the distance between the pairs and the proximity of one of the terms to an end of the ordering, the best overall fit being provided by the Welford equation, which, as Dehaene (1989) observed, contains a logarithmic term for the magnitude effect. The relative magnitude of the larger member of the pair was reported to predict comparison time by Kerst and Howard (1977) and by Moyer and Bayer (1976) . Paivio (1975) used the logarithm of the difference and Paivio (1978c) the logarithm of the ratio. Experiments with learned series (Polich & Potts, 1977; Trabasso, Riley, & Wilson, 1975 ) also found an end-term effect as well as a distance effect, whereas Sekuler and Mierkiewicz (1977) reported a simple linear distance effect. In an attempt to take account of the magnitude and congruity effects frequently observed in symbolic distance data, Dehaene (1989) developed the discriminability model of Jamieson and Petrusic (1975) that makes use of a reference point or anchor that varies according to the instruction to choose smaller or larger (RT ϭ a log (
where s max and s min are the two reference or anchor points on the continuum and sx and sy are the magnitudes of each term of the pair.
There is therefore some confusion and disagreement as to whether a measure of the difference is a sufficient measure of the symbolic distance function or whether the magnitude of one member of the pair and the congruity effect has to be taken into account as well. Furthermore, it is not clear to what extent the functions fit to previous experiments are confounded by the lack of control of probabilistic information inherent in the stimulus pairs or the confounding of larger or smaller item magnitude with distance for pairs. It must also be remembered that the presentation of the stimuli in the present experiment was sequential. It could be the case, therefore, that in addition to magnitude and congruity effects, the magnitude of the first or second term of the pair has an influence on RTs.
Both Paivio (1975) and Kerst and Howard (1977) found that interval information on sizes was a better predictor of performance that ordinal information. We therefore used the mean size ratings of the animals as an interval scale for the item size information contained in the different regression descriptors.
Regression analyses. For each comparison pair, predictive values for the main descriptors of size difference identified earlier were derived using the size information. These values were regressed against mean RT across all participants for each pair. A separate regression was performed for each experiment condition. A comparison of the correlation of the descriptors to the mean RT data for the pairs for each interference condition is provided in Table 3 .
The first thing to note from the correlations of the descriptors is that, for those that fit strongly (Welford, log difference, difference), the correlations for the individual interference conditions do not vary in magnitude to any significant extent. This would not be expected were the appropriate symbolic distance function to vary widely across the interference conditions.
The size of the smaller item of a pair correlated significantly with RT for the auditory presentation conditions (a replication of the min effect reported by Parkman, 1971) , whereas the size of the larger of the pair only correlated significantly for the two visual presentation conditions. The size of the second item correlated weakly with performance, the size of the first item did not. An additional check of the relationship between the size of the first item and RT did not reveal any hint of the U-shape curve that would be expected should anticipation of response based on the first item occur. Semantic congruity effects were not observed, with the average size of a pair only being weakly positively correlated with mean RT (r ϭ .23) where in fact a negative correlation was expected. It is probable that the effects of semantic congruity were canceled out or even reversed by the presence of a strong min effect. Table 4 .
It is also informative to determine whether semantic congruity or the size of the smallest item (the min effect identified by Parkman, 1971 and observed in the data) added any predictive variance in addition to the Welford equation. No significant amount of variance was added by either of these variables to that accounted for by the Welford equation (␤ Ͻ .01) in both cases.
Analysis of accuracy rates revealed that the symbolic distance effect was observed, with more errors being made with closer pairs. The best descriptor against accuracy was again the Welford equation (r ϭ Ϫ.54), with log difference (r ϭ .45) and the difference (r ϭ .34) accounting for less of the variance in performance.
Comparison of regression slopes provided by the Welford equation. A regression analysis for repeated measures (Lorch & Myers, 1990 , Method 3) was performed on the RT data. Regression slope coefficients for each participant for each condition were entered into a one-way ANOVA, which revealed there was not quite a significant difference overall, F(8, 171) ϭ 1.69, MSE ϭ 111,769, p ϭ .10. It was expected that both DVN and spatial tracking would result in steeper slopes. Pairwise analysis of the mean slope coefficients for each interference condition revealed that the mean slope coefficient for the spatial condition was significantly less (flatter) than the coefficients for the auditory presentation control, DVN 5%, DVN 20%, and DVN 50% conditions (power ϭ .7448, d ϭ 2.345).
The above analysis was not appropriate for the accuracy data as there were only single observations for each pair. The slope coefficients for the Welford equation regressed against transformed correct proportion for each pair across all participants were obtained for each experiment condition (see Table 5 ). Pairwise comparisons between the independent Bs (Howell, 1997) revealed no significant differences between any of the slope coefficients. The lack of difference between the slopes indicates that neither DVN nor spatial tracking caused a proportionally greater increase in errors for closer pairs.
To check that the results obtained were not dependent on the descriptor of distance chosen for the regression, we performed the above regression analyses for the other common descriptors found in the literature: difference and log difference. For these analyses, for both RT and accuracy, there was no difference in the slope of the symbolic distance function between any of the experimental conditions including the slopes for the spatial tracking condition.
Discussion
The analysis of mean RTs clearly shows an effect of DVN on performance in the size comparison task, with greater rates of DVN being associated with slower overall performance. The lack of significant differences between the slopes for the DVN conditions indicates that the symbolic distance function was not affected by any of the DVN interference tasks. The flatter slope for the spatial interference condition was the opposite of what was expected. Caution must be applied in interpreting this result given the number of comparisons made and lack of effect overall, but if replicable it would suggest that the spatial interference task is forcing the comparison process to use alternative nonspatial information, thus significantly reducing the strength of the distance effect observed without increasing the overall mean RT.
The clear difference in mean RT for the DVN conditions is consistent with the observations of Paivio (1978a Paivio ( , 1978c , who found that spatial ability was correlated with overall performance rather than the slope differences on symbolic comparison tasks. Taken together, the findings indicate that if visual images are used in the task, then their function is one that is reflected by the overall mean RT rather than the slope of the symbolic distance function. If the spatial representation of information is used on the task, then its function is reflected by the slope of the symbolic distance function, not overall mean RT.
All of the participants in the equiluminant noise conditions reported frequent (and for most, highly disruptive) reversals of figure and ground in the equiluminant visual noise. This was to be expected given the probable changing accommodation of the eye in the duration of the trial. The two interference conditions that were mentioned during debriefing as being particularly disruptive were the equiluminant noise and the spatial tracking task. On debriefing, participants were shown the other conditions of the Note. List of conditions is defined in Table 1. experiment. Without exception, the participants in the spatial tracking and equiluminant noise conditions indicated that they would have preferred one of the other experiment conditions. These observations are interesting in light of potential arguments concerning artifactual results arising from participant expectancies about the effect of the secondary task. The influence of prior knowledge or expectation is an issue to which imagery experiments have always been vulnerable (e.g., Pylyshyn, 1981) . It is possible that the design and selection of the pairs, in which some items were repeated, meant that probabilities associated with each item could build up over the course of the experiment and could bias participants to assuming an item was likely to be smaller or larger. While we acknowledge that this pair construction could possibly affect the comparison process, we do not feel that the effect of DVN is an artifact of this type of differential stimulus probability, as will be demonstrated by Experiments 5-8.
Four main conclusions can be drawn from Experiment 1. First, DVN selectively interferes with overall speed of response on a size comparison task without decreasing accuracy. Second, the slope of the symbolic distance function is not affected by DVN. Third, the greater the rate of DVN, the more interference obtained. Fourth, removing the contrast in brightness of the DVN reduces its effectiveness.
Experiment 1 found that DVN significantly interfered with performance on a size comparison task, but the slope of the symbolic distance function was not affected by DVN. Given that the symbolic distance effect has been found for abstract judgments of concrete stimuli (e.g., Kerst & Howard, 1977) , and that it has been previously argued (e.g., Paivio, 1978b ) that abstract judgments of concrete things may still use images as a basis for comparison, it is a natural extension of the above study to investigate whether DVN interferes with performance on judgments of dimensions of both concrete and nonconcrete stimuli. Furthermore, results from these investigations will provide a comparison with which to judge the effects between interference conditions (especially the effects of reading vs. hearing the words) obtained in Experiment 1 and the effect of spatial tracking on the slope of the symbolic distance function.
Three further experiments were carried out to explore these dimensions. Experiment 2 explored the comparison of the ferocity of animals (Kerst & Howard, 1977) , Experiment 3 replicated Friedman's (1978) study into the symbolic distance effect obtained with judgments of the relative "goodness" of words, and Experiment 4 used the comparison of numbers (Moyer & Landauer, 1967) . We anticipated that if images were used for judgments involving concrete stimuli, then there would be a significant interference effect of DVN for the comparisons of ferocity and numbers but no effect on the differences in the slope of the symbolic distance function. For the comparison of numbers, some authors (e.g., Dehaene, Dupoux, & Mehler, 1990) have proposed a visuospatial analog representation of the number line, thus it would be expected that spatial tracking would affect the slope of the number comparison function. It was thought that for abstract judgments on nonconcrete dimensions (Friedman's experiment), there would be no effect of DVN on the mean RT or slope of the symbolic distance function.
Experiment 2

Method
The method was the same as that used in Experiment 1 with the following modifications: Normative data were collected from 41 undergraduates at Southampton Institute who filled out a questionnaire rating the ferocity of animals for course credit. The questionnaire was identical to that used to collect ratings of size, with the exception that the anchor points at the end of the scale were labeled timid and ferocious. Means and standard deviations calculated for the ferocity of the 53 animals are displayed in Appendix C. The experiment itself involved 100 participants who were undergraduates at Lancaster University or Southampton Institute and participated for a payment of £3. Only one DVN condition was used, consisting of black and white squares with a rate of change of 50% per second. The 52 pairs of animal names (see Appendix D) were paired on the basis of their ferocity ratings. The rationale for the construction of the pairs was the same as for Experiment 1 with the exception that most animal names appeared as the first item twice, once as the least ferocious of the pair and once as the most ferocious. There were 10 practice pairs that did not contain animal names used in the main experiment.
Results and Discussion
Mean RTs (see Table 6 ) were entered into a one-way ANOVA, which revealed a significant effect of presentation condition, F(4, 95) ϭ 7.05, MSE ϭ 86,269.81. In contrast to the results of Experiment 1, the responses to the auditory presentation conditions were significantly slower than for the two visual presentation conditions. The differences between the auditory presentation conditions and the two visual presentation conditions were significant ( p Ͻ .01 in all cases). There were no effects of any of the secondary tasks relative to their respective control conditions. The error rate was higher than in Experiment 1 (9.8%), but this was to be expected given the greater subjectivity of animal ferocity ratings. A one-way ANOVA of the arcsine transformed error rates revealed that there was no significant difference between the accuracy in each condition (F ϭ 1.06). No significant differences in accuracy between any of the experimental conditions were revealed by pairwise comparisons. The ANOVA performed on the 14 close pairs (distance Ͻ 1) revealed no significant difference (F Ͻ 1) between conditions. There was a significant correlation between RT and accuracy (r ϭ Ϫ.23), indicating that slower participants made more errors. The magnitude of this correlation was very similar when examined for each experimental condition separately. Correlation of the accuracy and RT for the comparison pairs was high (r ϭ Ϫ.74), showing that pairs with a longer RT were associated with more errors. Analysis of the symbolic distance function. As in Experiment 1, for each comparison pair, predictive values for each functional descriptor were derived using the ferocity information, and these values were regressed against mean RT across participants for each experiment condition separately. Table 7 displays the correlations of the descriptors of the ferocity difference to the mean RT data for each condition. The best functional descriptor was the difference in ferocity values, though this does not account for significantly more of the variance in RT than the other functional descriptors. Corresponding with the magnitude effect found in the size comparison experiment in which the smaller of the pair was a significant positive predictor of RT, the ferocity values of the most ferocious of the pair were a significant negative predictor of performance. In contrast to the size comparison experiment in which the magnitude of the second of the pair was a positive predictor of performance, for the ferocity comparison the second of the pair was a negative predictor.
Semantic congruity effects were present, with the average ferocity of the pair correlated significantly and negatively (r ϭ Ϫ.47) with RTs. This significant negative correlation is probably the result of the large magnitude effect represented by the strong negative correlations of the more ferocious of the pair.
Regression analysis. Adding the larger ferocity rating to the regression of mean RT against difference did not add significant variance (␤ ϭ Ϫ.018, p ϭ .88), nor did adding the average ferocity (␤ ϭ Ϫ.017, p ϭ .87), indicating that neither the magnitude effect nor semantic congruity effects added to the prediction of the distance effect. A regression against mean RT using difference and the ferocity of the second item of the pair showed that both factors added significant variance to the equation (for difference, ␤ ϭ Ϫ.71; for ferocity, second ␤ ϭ Ϫ.25). The overall R of .84 was only fractionally better than the R of .81 obtained with difference alone.
The difference in ferocity was used to calculate the regression slopes for the ferocity comparison experiment. For each interference condition, the intercept and slope with their respective standard errors were obtained. These are displayed in Table 8 .
A regression analysis for repeated measures data (Lorch & Myers, 1990 , Method 3) was performed for RTs. Regression slope coefficients for each participant were entered into a one-way ANOVA, which revealed a significant effect of presentation condition, F(4, 95) ϭ 3.6, MSE ϭ 1,704.59. Examination of the pairwise comparisons revealed that this difference was a result of the mean slope coefficients for the two visual presentation conditions being significantly steeper than the coefficients for the auditory control, spatial tracking, and DVN conditions. Comparing the regression slopes for the other good functional predictors (log difference and Welford) revealed that the difference in slopes was the same.
Regressions of the descriptors of ferocity difference against mean accuracy for each pair across all participants revealed a symbolic distance effect with difference accounting for the most variance (r ϭ .72), though this was not significantly more than log difference (r ϭ .61) or the Welford equation (r ϭ Ϫ.66). Comparison of the slopes of the symbolic distance (see Table 9 ) effect for each experimental condition for each of the three best descriptors of difference revealed no significant differences in slope values for the accuracy data.
To conclude, it is clear there was no effect of DVN on ferocity comparison. In contrast to size comparison, responding to visually presented pairs was faster than responding to auditory pairs. The symbolic distance slope was also steeper for visually presented pairs, implying that reading and translating the word into a phonological code slows the comparison more for closer pairs.
Experiment 3
Experiment 3 was a replication of Friedman's (1978) investigation that found a symbolic distance effect with words evaluated on the semantic differential of goodness. Experiment 3 investigated whether this effect was susceptible to interference by DVN in the same way as judgments of size.
Method
The method was the same as Experiment 2 with the following modifications: A new group of 100 participants, who were undergraduates at Lancaster University or Southampton Institute, took part for a payment of £3. The stimuli consisted of 28 pairs of words taken from Friedman (1978, Experiment 2) and are shown in Appendix E. The words were originally drawn from the semantic differential norms of Heise (1965) and divided into six categories based on their ratings on the evaluative dimension. The pairs were presented twice, the second time in reverse order giving 56 experiment trials. Five pairs of words, also selected from Friedman (1978) , were used in practice trials. These were presented twice, once in reverse order.
Results and Discussion
A one-way ANOVA on the mean RTs produced a significant effect of presentation condition, F(4, 95) ϭ 10.87, MSE ϭ 92,928.21. The pattern of results found in Experiment 2 was repeated, in that responses to the auditory presentation conditions were significantly slower than to the visual presentation conditions, with no secondary task condition differing significantly from its respective control (see Table 6 ).
Error analysis. Error rates were fairly low (10.35%) given the subjective nature of the judgment. The arcsine transformation of errors was used in all analyses, and a one-way ANOVA revealed that there was no significant difference between the accuracy for each condition (F ϭ 1.6, p Ͼ .18). Pairwise comparisons confirmed no significant differences between any pair. A one-way ANOVA of the accuracy for the eight close pairs (distance Ͻ 1) revealed no significant difference (F Ͻ 1). There was no significant correlation between RT and accuracy over participants (r ϭ Ϫ.19). There was a strong correlation of RT and accuracy across pairs (r ϭ Ϫ.73), with longer RTs for pairs being associated with more errors.
Analysis of the symbolic distance function. Predictive values for each functional descriptor were derived for each pair using the norms from Heise (1965) and were regressed against mean RT for each pair across participants for each experiment condition separately. Table 10 displays the correlations of the descriptors with the mean RT data. The best overall correlation was with log difference (r ϭ Ϫ.73), but this did not differ significantly from the correlation of difference (r ϭ Ϫ.71). The pattern of correlations did not differ across interference conditions. The values of the first and second items of the pair were not related to RT, but the values of the smaller of the pair and larger of the pair (negatively) were correlated significantly with RT. No semantic congruity effects were observed, the correlation of average value of the pair with RT being r ϭ Ϫ.07. The lack of semantic congruity effect may be due to it being canceled out by the magnitude effect. A regression of both log difference and difference with the magnitude of the first, second, larger, and smaller items with RTs revealed that none of the additional variables added significant variance to the regression equation. The best predictor of accuracy was log difference (r ϭ .57), though this was not significantly different from the value for the difference (r ϭ .54).
Regression analyses. For equality of comparison with Experiments 2 and 4, the regression of difference against mean RT for each pair across participants is reported. The intercept, slopes, and respective standard errors for each experiment condition are reported in Table 8 .
A repeated measures regression analysis (Lorch & Myers, 1990 ) was conducted on the regression of RT against difference. A one-way ANOVA on the regression slope coefficients revealed no difference overall, F(4, 95) ϭ .26, MSE ϭ 2,988. The regression slopes were very similar across conditions.
For the error regression analysis, pairwise comparisons between the independent Bs (Howell, 1997) obtained for the accuracy regression slopes (see Table 9 ) revealed no significant differences. It is clear that DVN did not significantly interfere with performance on the semantic comparison task. 
Experiment 4
Experiment 4 investigated the effects of interference of secondary tasks on a number comparison task. The number comparison task was based on the study of Moyer and Landauer (1967) .
Method
The method was the same as Experiments 2 and 3 with the following modifications: One hundred undergraduates from Lancaster University or Southampton Institute, none of whom had taken part in the previous experiments, participated for a payment of £3. The sequential presentation of the stimuli placed additional constraints on the choice of pairs for the number comparison task, which meant that the choice of stimuli pairs was different to that of Moyer and Landauer (1967) . Numbers are highly familiar, over learned stimuli, so the risk of the anticipation of the second item of a pair in a sequential presentation paradigm is high. Additionally, the use of probabilistic information derived from the first item would be an effective strategy for comparison (Link, 1990) . To counter this problem, we presented all pairs of combinations of the numbers 1 to 9, with the exception that the numbers 1 and 9 were never presented as first numbers in a pair to prevent participants from being able to answer on the basis of the first item alone. To further prevent anticipation of the judgment, we informed participants that there were equal numbers of larger and smaller trials for each first presented number. For example, where 2 was the first number of a pair, the number pair 2-1 was presented seven times to balance out presentation of the pairs 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, and 2-9. Similarly, for trials that included 3 as the first number, the pairs 3-1 and 3-2 were used equally to balance the trials. The same system was adopted for all numbers. Thus for each given number in the first position of a pair, there was an equal probability that the second number would be either larger or smaller. These constraints resulted in a minimum of 80 pairs of numbers. Given the choice of stimuli pairs, it was not possible to construct practice pairs not used in the experiment trials. Therefore, for each participant, 10 practice trials were randomly selected from the 80 pairs of numbers with the constraint that no pair could appear more than once. For the visual presentation conditions, all numbers were presented as words.
Results and Discussion
The mean RTs were entered into a one-way ANOVA, which produced a significant effect of presentation condition, F(4, 95) ϭ 8.97, MSE ϭ 22,719.90. Mean RTs for each condition are displayed in Table 6 . Again, responses to the auditory presentation conditions were significantly slower than the visual presentation conditions, with no secondary task condition differing significantly from its control.
Error analysis. Error rates were very low (3%); the arcsine transformation of errors was used in all analyses. A one-way ANOVA showed no significant difference between the conditions (F Ͻ 1). The same was true for the one-way ANOVA conducted on accuracy for close pairs (distance ϭ 1). There was a significant correlation between RT and accuracy (r ϭ Ϫ.31), indicating that slower participants made more errors. Correlation of RT and accuracy for pairs was also significant (r ϭ Ϫ.52).
Analysis of the symbolic distance function. There has been considerable debate concerning the most suitable function to explain comparison times to number pairs because it is argued they reflect the underlying representation of numbers (Dehaene, 1997; Siegler & Opfer, 2003) . Moyer and Landauer (1973) suggested using the log of the difference between the pairs and rejected the suggestion of Parkman (1971) of a strong and separable min effect (size of the smallest of the pair). Buckley and Gillman (1974) suggested using the difference between the logarithms of the pair values. Dehaene et al. (1990) also supported the idea of an internal compression of numerical magnitudes resulting in a logarithmic measure being the best descriptor of the distance effect with numbers. The correlations of the most frequently suggested functional descriptors with mean RT for each pair across all participants are displayed in Table 11 . For pairs that had more than one presentation, mean scores were used so a single value for that pair was entered into the regression (resulting N ϭ 56).
It can be seen from Table 11 that the best-fitting descriptor overall is a simple measure of the difference between the magnitudes (r ϭ Ϫ.57), though this is not significantly different from the magnitude of the correlations for log difference (r ϭ Ϫ.56). A small min (or magnitude) effect is present, but neither the magnitude of the first or second of the pair correlates significantly. The correlation of mean RT with average magnitude of the pair is weak (r ϭ .06), indicating weak congruity effects. Again it is possible that semantic congruity effects might be canceled out by the min effect observed. It is worth noting that the correlations do not differ significantly across interference conditions.
Regression analysis. For each interference condition, the intercept and slope with their respective standard error were obtained for the size difference descriptor regressed against the mean RT for each pair across participants and are displayed in Table 8 . Neither the magnitude of the larger, smaller, first, or second number added significant amounts of variance to the regression equation containing the difference descriptor (␤ Ͻ .01 in all cases). A regression analysis for repeated measures (Lorch & Myers, 1990 ) was conducted on the regression of RT against difference. A one-way ANOVA of the individual regression coefficients revealed no overall effect, F(4, 95) ϭ 0.21, MSE ϭ 271.70, and no significant differences between mean slope coefficients for any of the pairs of conditions were observed. The same analyses using the more common measure of the logarithm of the difference resulted in the same pattern of results. There was no effect of any of the interference conditions on the slope of the symbolic distance function obtained for both difference (see Table 9 ) and log difference against accuracy.
Omnibus Analysis of Experiments 1 to 4
It is clear from the pattern of results obtained above that DVN only interferes with the comparison of animal sizes. An omnibus two-way (5 ϫ 4: Interference Condition ϫ Comparison Task) ANOVA revealed a significant interaction, F(12, 380) ϭ 3.48, MSE ϭ 72,309.25. As can be seen in Figure 1 , the interaction seems to occur for two reasons. First, because DVN only interferes with comparison of animal size and, second, on the size comparison task, RTs in the two visual presentation conditions do not differ significantly from the auditory presentation control, whereas they are clearly faster for the other comparison tasks. The same omnibus ANOVA performed on the arcsine transformed error rates revealed no interaction (F ϭ 1.35, MSE ϭ .014, p Ͼ .19) and only a main effect of comparison type, F(3, 380) ϭ 41.16, MSE ϭ .013.
There are two interactions to consider in the omnibus interaction obtained with RTs: first, the effect of DVN on the tasks relative to the auditory presentation control and, second, the relative speed of the visual presentation control condition relative to the auditory presentation control condition. We investigated the first effect using a 3 ϫ 4 ANOVA comparing the auditory presentation control, spatial tracking, and DVN (at 50%) with comparison task. This revealed a significant interaction, F(6, 228) ϭ 5.38, MSE ϭ 62,350.07. This shows that only for the size comparison task did the DVN significantly impair performance relative to the auditory presentation control and spatial tracking conditions. The interaction enables us to be more confident about drawing conclusions from the failure to find any effect of DVN on the ferocity, words, and number comparison tasks, though strictly speaking the interaction only shows that DVN has a significantly greater effect in the size comparison than for the other comparison types.
It was expected that judgments of concrete dimensions such as size would be faster than abstract judgments such as ferocity (Amrhein et al., 2002) . This was true for the auditory presentation control condition but not for the visual presentation control condition. For judgments of animal ferocity, goodness of words, and numerosity, visual presentation conditions were significantly faster than the auditory presentation conditions. However, for animal size comparisons, there was no difference between visual and auditory presentation. The interaction of a 2 ϫ 4 ANOVA comparing the auditory and visual presentation controls with comparison task was significant, F(3, 152) ϭ 4.07, MSE ϭ 82,539.23. The relatively slower times for the visual presentation condition for size comparison are in line with the findings of Glass et al. (1980;  see also Denis, 1982; Eddy & Glass, 1981) and suggest that reading interferes with the formation of images in the size comparison task. The above analyses show that the interaction obtained for the omnibus analysis was both a result of the dramatically reduced performance with DVN as a secondary task in the size comparison experiment and a result of the reduced performance for reading the visually presented stimuli in the size comparison.
Experiments 5-8
The results for Experiments 1-4 show a clear increase in overall comparison time for size comparison with increasing rate of DVN yet no difference in the slope of the symbolic distance function. These findings are suggestive of the use of visual images during the initial encoding and information retrieval stages of the task but not during the comparison process itself. It is also possible, though unlikely, that the interference occurred at the response stage. The results suggest that for size comparison, images are retrieved or constructed during the encoding of an item, this encoding process being distinct from the decision processes (Shaki & Algom, 2002) . The flatter slopes for the comparison function obtained with spatial interference suggest that alternative sources of information can be used in the face of spatial interference, the use of which decreases the magnitude of the distance effect. The interference could be with the representation of magnitude rather than with the representation of the items themselves.
Although we believe the results of Experiments 1-4 are clear and consistent, there are a number of objections that could be raised. 2 First, it is possible that the sequential nature of the presentation means that the results cannot be compared with the main body of findings with symbolic distance. Furthermore, there were differences in power between experiments because of the different numbers of item pairs and, linked to this, the pair construction differed between experiments. It is also possible that the betweenparticipants design led to a large degree of variability, thus negating the analysis of slopes. Finally, it is conceivable that DVN is simply a task that loads executive function and that the differential demands of the four comparison tasks meant that DVN only interfered with size comparison. Experiments 5-8 were conducted to address these points.
With regard to sequential presentation of the items, there are three issues to address: the sequential nature of the presentation itself, the stimulus onset asynchrony (SOA) of the second item, and whether sequential presentation invites particular strategies. As has been noted in the introduction to Experiment 1, there is probably little different about the sequential nature of the presentation per se, because, with the exception of digit comparison in which perceptual comparison of features can take place, so-called simultaneous presentation of visual stimuli probably results in sequential reading of the two items. The difference is that with "simultaneous" presentation, the order of reading is not controlled, and thus the use of probabilistic information is less controlled (Banks, 1977; Corballis, 1994; 2 We are grateful to two anonymous reviewers for these suggestions. Figure 1 . Mean response times for each comparison task across presentation conditions. AI ϭ auditory interference condition; NV ϭ normal visual presentation control condition; NA ϭ normal auditory presentation control condition; SI ϭ spatial interference condition; DVN 50 ϭ dynamic visual noise at a rate of 50%. Link, 1990; Schwarz & Stein, 1998) . It is more likely that the use of sequential presentation restricts the range of strategies participants can adopt.
Although it is possible that the 1-s SOA of the second item invited participants to form an image, this SOA was the same in all comparison tasks. It seems unlikely that this interval meant participants would selectively form an image for size comparison only, in the face of disruption from DVN. In the following experiments the SOA of 1 s was removed.
Sequential presentation of items could invite different strategies, though most of the studies that have used successive presentation (Dehaene, 1989; Holyoak, 1977; Leth-Steensen, 2005; Link, 1990; Schwarz & Stein, 1998) have assumed that the comparison process does operate in the same way. The only difference is that consideration of successive presentation has given impetus to the proper consideration of the role of probabilistic information when stimulus presentation order is controlled (Schwarz & Stein, 1998) . These experiments have found the same symbolic distance function, magnitude, and congruity effects, which is evidence that the two presentation conditions are not entirely different. The only reported exception to this pattern of findings are those of Banks (1977) , who compared simultaneous and successive (mixed modality) presentation conditions and reported a stronger distance effect (though equivalent RTs) and stronger congruity effect when the second item was the correct choice for the successive presentation condition. Apart from the slightly increased memory demands made by successive presentation, we can find no a priori theoretical reason proposed from existing data that comparative processing is qualitatively different for simultaneous and successive presentation.
Equal numbers of pairs of stimuli were used for each of the four comparison tasks in the following experiments, thus eliminating the power differences that existed for the pairs analysis for Experiments 1-4. The design of pairs was adapted from Schwarz and Stein (1998) and was similar to that used for the number comparison Experiment 4 above. This design removed the use of probabilistic information by pairing each of the five first items with an equal number of higher and lower second items (see Table 12 ). The use of the same pair construction across experiments will eliminate the possibility that the differential effects of DVN were an artifact of different strategies inspired by different pair construction for different experiments.
Evidence from the selective nature of DVN interference with the peg-and-hook mnemonic as opposed to the more general executive interference obtained with irrelevant pictures (Quinn & McConnell, 1996b ) would seem to rule out suggestions that DVN is just interfering at an executive level for the size comparison task. It should be emphasized that DVN was originally chosen to minimize the focus of attention in space and time (J. G. Quinn, personal communication, June 22, 2004) . To accept the explanation of DVN selectively affecting size comparison through attentional load would involve the prior assumption that the attentional demands of comparisons were far greater for size comparison. We can find no evidence that this should be the case. Participants' reports indicated that the most demanding of the comparison tasks was in fact semantic comparison, and we would argue that this task was the most attentionally demanding. Two options were available to address the issue of DVN and executive load. First, a response measure associated with the DVN and other secondary tasks could be obtained. This was rejected on the grounds it would negate the primary reason for the construction of DVN, which is that it minimizes the focus of attention in space and time. Any response measure requires attentional resources and thus executive involvement and is far more likely to interfere at an executive level than DVN itself. A second solution is to compare the interference of DVN with both a task known to load on the CE and a visual task evidenced to have more executive involvement than DVN. Backward counting in threes was chosen as the CE task, because it does not have a spatial motor component that will conflict with response. The display of irrelevant pictures was selected as the visual task with an executive load known to be greater than that of DVN (Quinn & McConnell, 1996b) .
Finally, to address the concerns that arose from the use of the between-participants design in the earlier experiments, we decided to run the interference condition within participants. We wish to note, however, that there are several disadvantages of a withinparticipants design. Pilot experiments using a within-participants design indicated that with open sets, there were significant practice effects that were neither linear nor simply additive, thus making comparison of regression slopes even more difficult than for a between-groups comparison. This difficulty for regression is compounded when counterbalancing conditions for examination of mean RTs. To reduce this problem, we used a limited closed set of seven items for each comparison and gave two sets of practice trials. One disadvantage of this design is that the frequency of retrieval of individual items differs. Considering that the effects of DVN on size comparison were thought to be on the retrieval of image information, the frequency of retrieval might lead to a negation of the effect. Furthermore, the more frequent use of a more limited set of items might lead to either image and size information being less effortful to retrieve or size information being learned in a nonimage format. However, despite these reservations, the use of a within-participants design provides an important test of the reliability of the findings of Experiments 1-4.
Method
Participants and design. The 192 participants were undergraduates at Southampton Institute who participated in return for course credit. All of the participants had normal or corrected vision. Forty-eight of the participants were allocated at random to each of the four comparison tasks. The four experimental conditions (auditory control, DVN 50%, irrelevant pictures, and backward counting in threes) were manipulated within participants. The presentation of the four conditions was fully counterbalanced so Note. Adapted from Schwarz and Stein (1998) .
the 48 participants for each comparison experiment in total performed every possible order of experimental conditions twice. Materials. Sets of seven items were chosen for each comparison task. For size, ferocity, and semantic comparison experiments, the items were chosen so that their magnitude was as close as possible to the categorical divisions for the design proposed by Schwarz and Stein (1998) . For the size and ferocity comparison tasks, the norms from the first experiments were used as the basis for selection (see Appendixes A and C). For the semantic comparison task, the norms from Heise (1965) were used (4 was added to the z scores to ensure they were all positive values for calculating the functional descriptors of difference).
For the size comparison task, the seven items chosen (mean size ratings in parentheses) were as follows: flea (1), rabbit (3.06), dog (4), ostrich (5.33), cow (5.89), giraffe (7.38), and whale (9). For the ferocity comparison task, the seven items chosen were as follows: worm (1.17), sheep (2.15), rat (2.90), eagle (3.68), hippo (5.07), wolf (6.51), and lion (8.37). For the semantic comparison task, the seven selected items were as follows: kill (0.71), trouble (1.25), alone (2.04), nothing (2.99), chance (3.98), safe (4.99), and happy (5.64). For the number comparison experiment, the numbers 1, 3, 4, 5, 6, 7, and 9 were used.
For the DVN condition, black and white DVN at a rate of 50% as previously described was displayed for the duration of the trial. For the irrelevant pictures condition, a series of black on white line drawings of pictures of objects taken from Snodgrass and Vanderwart (1980) were resized to be within a frame the same size as the DVN (320 ϫ 320 pixels). The pictures were displayed at a rate of two per second. For the backward counting in threes condition, a number was randomly generated between 531 and 981.
Pilot experiments indicated that it was necessary to have a short interval between the end of the first word and the presentation of the second, otherwise accuracy decreased dramatically because of difficulties in perceiving and processing the second word. Thus, the first word of a pair was presented within a 1-s time interval with the second word of a pair following from the start of the next second.
Procedure. The procedure was the same as for the previous experiments with the following exceptions. The 1-s interval between the first and second item was removed. The sound track of a trial consisted of 3 s of silence followed by the name of the first item followed by silence for the remainder of the second. The name of the second item was followed by silence until response. The visual track of a trial depended on the interference condition. For the control condition, a fixation point was displayed for the duration of the trial. Both the DVN and irrelevant pictures were displayed from the start of the trial. Practice was given for the backwardcounting task before the start of the trials for that condition. Participants were instructed to name the number that appeared for the 1st second of the trial, then count backward in threes at a rate of one number per second for the duration of the trial. Participants were only permitted to proceed when they had mastered the technique. The backward counting was recorded via a second iMac computer.
Participants were given two full practice sets of 32 pairs (run as control auditory presentation) before performing the four experimental conditions. The order of presentation of the conditions was fully counterbalanced. The experiment took approximately 40 min. The onset of trials was controlled by the participants, who were permitted to take a break whenever they choose.
Results
Only the RTs and accuracy for the 20 central pairs (those pairs without end terms) of each set of 36 presented were analyzed. For all error analyses, the arcsine transformation of the square root of the correct proportion was used. The mean RTs and error rates are displayed in Table 13 .
Mean RTs were entered into a 4 ϫ 4 (Presentation Condition ϫ Comparison Type) ANOVA, which revealed a significant interaction between presentation condition and comparison type, F(9, 564) ϭ 4.61, MSE ϭ 93,875.1, and main effects of comparison type, F(3, 564) ϭ 135.40, MSE ϭ 93,875.1, and presentation condition, F(3, 188) ϭ 17.35, MSE ϭ 550,570. The interaction was composed of two significant interactions. The first was the interaction between comparison type and two levels of the presentation condition (control and DVN). A 4 ϫ 2 ANOVA revealed a significant interaction, F(3, 188) ϭ 5.60, MSE ϭ 25,609.2, p Ͻ .001. The interaction occurs because of slower RTs in the DVN condition relative to the control for the size comparison task only. A 4 ϫ 2 ANOVA also revealed an interaction between comparison type and the backward-counting and control conditions of the presentation condition, F(3, 188) ϭ 6.32, MSE ϭ 164,522. This interaction occurred because the increase in RTs to the backwardcounting condition was disproportionately larger for the size comparison condition.
A 4 ϫ 4 ANOVA on the transformed accuracy data revealed a main effect of comparison type, F(3, 188) ϭ 73.4, MSE ϭ 0.06; a main effect of interference condition, F(3, 564) ϭ 15.28, MSE ϭ 0.02; and a significant interaction between comparison type and presentation condition, F(9, 564) ϭ 2.88, MSE ϭ 0.02. The main effects of comparison type were expected with the most difficult task, semantic comparison, being the least accurate and digit comparison the most accurate. The main effect of task was also expected with backward counting causing a decrease in accuracy relative to the other conditions. The interaction between task and comparison type was not expected. This interaction did not occur for the same reasons as in the RT analysis. Instead, the interaction occurred because for the digit, ferocity, and size comparison tasks, backward counting caused significantly more errors, with no sig- Note. List of conditions is defined in Table 1. nificant differences observed between the other conditions, whereas for the semantic comparison, which had a low accuracy rate overall, there was no significant difference between the accuracy for each condition. It is worth emphasizing that the interaction does not occur because of a disproportionate number of errors occurring for backward counting on the size comparison condition nor the reverse of this, which would imply a speed-accuracy trade-off causing the interaction for size comparison and backward counting with RTs. The correlations of mean RTs for each pair across all participants with the set distance descriptors used in Experiments 1-4 were compared. For size comparison, the Welford equation was again the best functional descriptor of the symbolic distance effect (r ϭ .67) and accounted for more of the variance than difference (r ϭ Ϫ.48) or logarithm of the difference (r ϭ Ϫ.58) in size. For ferocity comparison, the difference in ferocity was again the best functional descriptor of the symbolic distance effect (r ϭ Ϫ.68). For number comparison, the difference in magnitude was the best functional descriptor (r ϭ Ϫ.43). For semantic comparison, the magnitude of the larger item was the best functional descriptor of the symbolic distance effect (r ϭ Ϫ.71). For consistency, the difference descriptor (r ϭ Ϫ.38) was chosen for the regression analysis. The slope, intercept, and respective standard errors of the regressions of mean RT against the chosen difference descriptor for each pair for each presentation condition are displayed in Table 14 .
A separate regression model was fitted to the data for each individual participant (Lorch & Myers, 1990) , and the individual regression slope coefficients were entered into a one-way repeated measures ANOVA for each comparison task. There were no differences found for any of the four comparison tasks: size, F(3, 141) ϭ . 15, MSE ϭ 73, 008.69, p ϭ .93; ferocity, F(3, 141) ϭ .8, MSE ϭ 12, 011.32, p ϭ .49; semantic, F(3, 141) ϭ .33, MSE ϭ 40, 530.59, p ϭ .80; and number, F(3, 141) ϭ .18, MSE ϭ 7767.56, p ϭ .91.
For all four comparison experiments, a regression of arcsine transformed accuracy for each pair against the appropriate difference descriptor was obtained for each condition (see Table 15 ).
Comparison of the slopes of the symbolic distance function showed no significant differences between any of the conditions for any of the comparison tasks.
Discussion
For the analysis of the mean RTs, the overall picture is clear. Backward counting interferes for all the comparison tasks and significantly more for the size comparison relative to the other comparisons. DVN only interferes with performance on the size comparison task. For the analysis of errors, backward counting causes more errors on the size, ferocity, and number comparison tasks. There was no differential effect of DVN on accuracy in the size comparison task. There was a slight decrease in accuracy with the irrelevant pictures task in the size comparison experiment compared with DVN, though this was not significant ( p ϭ .09). Considering that the display of irrelevant pictures is considered to possess a greater executive load than DVN, a greater number of errors would be expected. It is important to note that irrelevant pictures caused no corresponding increase in RTs for any of the comparison tasks despite the fact that previous research indicates that irrelevant pictures impose a greater executive load than DVN.
The pattern of results seems clear: DVN increases RTs, and executive load increases RTs and, more crucially, errors. The repeated pattern of results obtained with DVN for these experiments demonstrates that the results of the first set of experiments were not artifacts of the large SOA of the second item or the choice of pairs. Any differential probabilities that arose from the choice of pairs were equivalent for the second set of experiments, thus the differential effects of DVN cannot be attributed to sensitivity to probability arising from pair construction. The failure to find differences between interference conditions does not seem to be an artifact of the between-participants design previously used. One surprising finding is that the executive task did not significantly increase the slope of the symbolic distance function. This finding is in line with the results of Leth-Steensen and Theberge (2003) and De Rammelaere and Vandierendonck (2003) . In the absence of speed-accuracy trade-offs, the lack of change in slope implies no role for executive processes in the symbolic distance effect. The lack of difference in slopes (for both the RT and accuracy) also helps rule out explanations of performance differences in terms of differential attentional allocation to the secondary tasks, because in these circumstances it would be expected that the effect on judgments was disproportionate for closer pairs.
General Discussion
The main finding from the present study was that DVN selectively increased overall RTs on the size comparison task. The level of disruption increased with the rate of DVN and decreased if the DVN was made equiluminant. The effects of DVN on overall RTs for size comparison are clear and stand in contrast to the lack of interference obtained with a secondary spatial task (tracking a Note. List of conditions is defined in Table 1. moving dot), a secondary verbal task (irrelevant speech), or a secondary visual task known to have executive demands (irrelevant pictures). In contrast to the findings with size comparison, DVN did not disrupt performance on comparisons of animal ferocity, the goodness of words, or numerosity. The replication of the selective interference of DVN on size comparison in the second set of experiments demonstrated that the effect on overall RT but not slope of the symbolic distance function was not an artifact of the initial experimental design. The interpretation of this selective interference is somewhat clouded by the finding that size comparison is more susceptible to interference by a demanding executive task than the other comparison tasks. This finding invites four possible explanations: first, that DVN interferes at an executive level; second, that size comparison is more susceptible to all interference; third, that imagery, like visual memory, is more susceptible to executive interference; and fourth, that the backward-counting task invited strategies involving use of a mental image.
If DVN were interfering by loading the CE, it would be expected that it would interfere with performance on all the comparison tasks. The selective nature of the interference by DVN seems to rule out this alternative. The only exception to this would be if the size comparison task were more susceptible to interference. The pattern of errors also speaks against the interpretation that DVN interferes at an executive level. If the DVN were acting at an executive level, it would be expected that there would be an increase in errors with DVN on the size comparison task. In fact this was not the case, and it is notable that the visual task of irrelevant pictures thought to involve an executive load did show a slight, though not quite significant, increase in errors on size comparison compared with the control, but not the increase in RT that would be expected if size comparison were more sensitive to interference.
To suggest that size comparison is more susceptible to all interference is somewhat counterintuitive, as it would be expected that difficult comparisons such as the semantic comparisons (demonstrated by their overall slower RTs) would be more susceptible to executive load than size comparison. It would also be expected that spatial tracking and especially irrelevant pictures would increase RTs on the size comparison task, as both these tasks have been clearly shown to have a greater attentional (and thus executive) load than DVN. If size comparison were more susceptible to interference, then the pattern of errors found for backward counting would mirror that found for RTs, but no such differential increase in errors for size comparison with backward counting was found.
From an imagery perspective, it is theoretically possible that size comparison is more susceptible to interference than the other comparison tasks. It is known that visual memory (not necessarily the same as visual imagery) is susceptible to the executive load of addition and subtraction (Phillips & Christie, 1977) . However, the same arguments that seem to rule out the suggestion that size comparison interference results are a result of executive interference also seem to rule out this explanation. In these circumstances, spatial tracking and irrelevant pictures would also be expected to cause interference with size comparison, and a greater number of errors would have been observed with all the visually based interference conditions.
The other explanation of the differential susceptibility of size comparison to the very demanding task of backward counting in threes comes from the debriefing of participants. Many participants reported using a mental representation of number, often an image as a form of placeholder to help them in the demanding backward-counting task. It is suggested that it is interference caused by the strategies used in the counting task that is responsible for the differential effect on RTs in the size comparison task.
For both the imagery explanations, one has to consider why there was not a corresponding increase in errors. The first explanation could be that interfering with images causes alternative representational information to be retrieved or used on the task. This would increase latency without necessarily increasing errors. The other explanation would be that image generation was delayed by competing input, not the use of images in the comparison process itself. This is consistent with the findings of Holyoak (1977) that comparisons were slowed by holding two mental images. It will be possible to explore this issue empirically in the future by contrasting the effects of backward counting with other nonnumerical executive tasks on the comparison of size and other visual dimensions.
To support the idea that the pattern of results with DVN is obtained because of the use of imagery, one must also remember that there is complementary evidence for the use of images from the fact that reading also slowed size comparison performance relative to the other comparison tasks. This complementary evidence for interference with the formation of a visual representation is supported by previous research (e.g., Eddy & Glass, 1981) and, in conjunction with the pattern of results found, suggests that an imagery-based explanation for performance on the size comparison task and interference effects of DVN should be sought. The finding that equiluminant DVN had less of an effect on size comparison than black and white DVN at the same rate, but still interfered significantly, is evidence that there might be two factors responsible for the interference effect of DVN. The first factor is the contrast in brightness of the noise, the second factor the dynamic nature of the noise itself. That the dynamic nature of the DVN is important is evidenced both by the increase in interference obtained when the rate of change of DVN is increased and by the fact that equiluminant DVN still significantly interferes with performance. The fact that the interference is significantly less for equiluminant noise at the same rate as 50% black and white DVN indicates that contrast in brightness is also a factor responsible for creating interference. The lack of interference with mean RT obtained with the spatial tracking task and irrelevant pictures would seem to indicate that a change in visual stimulus at a slow rate, even if meaningful, does not interfere in the same way as DVN.
Reports from the debriefing of participants revealed that explanations of the data in terms of participant expectancies about the effects of the interference conditions can be discounted. All of the participants in the first experiment reported that the equiluminant noise was the most disturbing to look at, with the reason given in many cases being the frequent figure-ground reversals. Tracking a moving dot was also felt to be more disruptive and demanding than DVN, yet the effect of these secondary tasks was significantly less than that of DVN at a rate of 50%. This finding cannot be explained in terms of participant expectancies. Nor can the increase in interference with increasing rates of DVN be explained in terms of participant expectancies, as participants were not aware of the different rates of DVN until after they had taken part in all study conditions.
If the comparison process in any of the tasks was mediated by a verbal code, or verbal processes, it would be expected that either the RTs or the slope of the symbolic distance function would be altered by the presence of irrelevant speech. No indication of any such effect was obtained. These results should be contrasted with the interference effect of articulatory suppression found by Engelkamp et al. (1995) that implicates the articulatory loop in the creation of verbally rehearsed order information during a comparison task.
It was anticipated that the spatial tracking task would interfere with overall RTs in the same way as DVN and also increase the slope of the symbolic distance function. The only difference obtained was that the slope of the symbolic distance function for size comparison was significantly flatter. The flatter slope (yet unaffected mean RT) found for the size comparison task with spatial tracking is suggestive of the use of alternative (nonspatial) information sources to make the comparison judgment. This in turn suggests that spatial information can be a cause of the symbolic distance effect as a framework for judgment rather than as a representation of the items themselves. This finding is worth further exploration in light of the suggestions of DeSoto, London, and Handel (1965) , Huttenlocher (1968) , Moyer and Bayer (1976) , and Holyoak and Patterson (1981) concerning the use of analog spatial frameworks for making such decisions. For the other comparison tasks, the lack of interference caused by spatial tracking as well as its lack of effect on the symbolic distance function does not rule out all forms of analog or spatial representation. It merely indicates that spatial information, of the type interfered with by the tracking task, is not utilized in the symbolic comparison of ferocity, goodness, or numerosity.
Analysis of the results obtained with the slope of the symbolic distance function must be treated with caution. Although slope values are psychologically appealing, they only account for small amounts of variation in performance relative to the intercept (Lohman, 1994 ) and often have low levels of reliability (Salthouse & Hedden, 2002) . Most of the slope values calculated for the experiments showed a high degree of variability, which confounds the problem of interpreting the null results obtained.
The analysis and comparison of the slopes of the symbolic distance function for each secondary task condition provide evidence consistent with the idea that the symbolic distance function is independent of the representation used. It was already known that the symbolic distance function is unlikely to arise because of the use of images, because it is obtained with nonconcrete stimuli on abstract dimensions. If the comparison involved used the information in an analog representation and DVN degraded the quality or resolution of this representation, then it would be expected that RTs to closer pairs would be more impaired by the DVN than RTs for distant pairs. If the DVN operated by interfering with the comparison itself, then again it would be expected that more difficult comparisons would be more impaired, because DVN and comparison tasks use the same underlying processes. The flatter slopes obtained for size comparison with concurrent spatial tracking would seem to indicate that spatial information may be used in assessing difference across the dimension of size.
If DVN is causing interference by disrupting the use of images on the size comparison task, the displacement of the symbolic distance slopes vertically without significant alteration of their slope leads to two possible explanations. The first explanation is that DVN is interfering with image generation and, if the (pictorial) surface properties of the representation are used in the comparison process, either these are not degraded by DVN or DVN does not degrade the type of information in the representation used for comparison. The second possible explanation is that comparative judgments are made using information cued or retrieved by the formation of an image but not contained in the image itself (i.e., formation of an image is a necessary operation for retrieving or checking the relevant information but not used in the comparison process). Both explanations require that an image or other form of analog representation is required for the task, otherwise it would be difficult to explain why DVN interferes at all. That the slope of the function remained constant and the overall mean decision time increased is evidence that the generation of the image is delayed or more difficult in the face of competing input. If it were not necessary to form an image to perform the task, one would expect the mean RT not to be affected. It is possible that DVN makes it more difficult to form images of sufficient quality to make judgments. However, it would again be expected that more distant items would be less susceptible to interference, because they are less reliant on the quality of the representation. If this was the case, then the slope of the symbolic distance function would be altered. The results therefore suggest either that the comparison process does not use properties of the representation that are interfered with by DVN or that DVN does not degrade the image sufficiently or in such a way as to affect the comparison process itself.
Given the short time scale over which the stimuli are presented and responded to in the comparison tasks, it is likely that DVN interferes with the generation of an image more than the maintenance of that image. Findings from experiments using DVN to interfere with the maintenance of perceptually presented stimuli in VSSTM (Dean et al., 2002; Dean, Dewhurst, & White, 2003) suggest that the effect of DVN is relatively weak for these stimuli and requires a retention interval of over 6 s to significantly interfere with the retention of such information, and then only does so when precise visual detail must be maintained. That it is the process of image generation that is affected by DVN is also compatible with the suggestions of Andrade et al. (2002) . They correctly observed that on tasks that have been found to be disrupted by DVN, the DVN was displayed during both generation and maintenance of the items, whereas with visual memory tasks, which are less sensitive to the effects of DVN, DVN is displayed only during the maintenance of the stimuli. Although the effect of DVN on internally generated images is known to be stronger, it still requires a longer interval to significantly affect performance than the time taken for comparison judgments on the symbolic distance tasks. The failure of DVN to affect the slope of the comparison process in conjunction with the statistical problems associated with obtaining slope values cannot therefore be used as strong evidence that the comparison process does not use images. Further investigations are required using stronger forms of visual interference such as retention and discrimination of color shades (Tresch, Sinnamon, & Seamon, 1992) . The above reasoning still leaves the possibility that DVN could interfere with the comparison process itself by use of the shared processes. However, as stated, it is more likely that the effect in these circumstances would be differential according to the difficulty of the comparison. The results comparing the slopes of the symbolic distance function for each condition do not seem to support this possibility.
Overall, the results of the interference obtained with both DVN and reading the visually presented stimuli are consistent with an explanation that it is necessary to form an image to make a size comparison judgment. The unchanged symbolic distance slopes obtained with DVN suggest that the judgment is not based on the surface properties of the image presumed to be degraded by DVN or that DVN does not degrade the surface properties sufficiently to affect comparison. If the surface properties of an image are not used in comparison, then the semantic information activated alongside the image forms the basis of the judgment. This explanation is consistent with the findings of Petrusic (1992) and Shaki and Algom (2002) , who provided evidence suggesting that the separation of the symbolic distance effect, Stroop interference, and semantic congruity effects is compatible with the idea that the formation of the representation is not related to the decision processes. The suggestion that the generation time to form an image is what is affected by the DVN also corresponds to the findings of Paivio (1978a Paivio ( , 1978b , who demonstrated that the difference between participants of high and low spatial ability on a comparison task was in terms of the overall RTs. The two groups showed equivalent slopes to the symbolic distance function.
The lack of interference obtained with the other comparison tasks seems to suggest that an image is not required for the comparison of ferocity, semantic, or number. This explanation is at odds with Paivio's (1978b Paivio's ( , 1978c suggestion that images are used even when comparing abstract dimensions of concrete things. It is tempting to conclude from the lack of effect of DVN on the symbolic distance function, congruity effects, and serial position effects that these are not dependent on imagery for either concrete or abstract judgments. However, it must be emphasized that other forms of analog representation or different spatial frames of reference are possible. Abstract semantic representations can represent information in quantitative, even interval-based, fashion. Both these alternatives would provide a role for analog information in comparison as suggested by evidence accrual models of the comparison process (e.g., Leth Steensen & Marley, 2000; Link, 1990; Petrusic, 1992) . These forms of representation are potentially more difficult to explore experimentally, as other spatial interfering tasks (e.g., tapping in a square, pointing, or auditory location) are either not pure spatial tasks (involving a load on the CE) or could potentially interfere with the mapping of response choice to the spatial motor movements required for response.
The finding that DVN can interfere with performance on a size comparison task, which is more easily administered than the pegand-hook mnemonic techniques and not subject to potential floor effects, provides a basis from which to investigate the effective parameters of DVN. The results from this experiment suggest that DVN may have some utility as a task that selectively interferes with the use of visual images. The unstructured nature of DVN means that it is not as open to criticism as other tasks previously used to interfere with imagery. Pylyshyn (2002 Pylyshyn ( , 2003 argued that some interference tasks, such as those of Brooks (1967 Brooks ( , 1968 and Segal and Fusella (1969) , do not show that either of the competing inputs is pictorial. He argued that there is simply a similarity in representational concepts, with the interference occurring merely because the same symbolic representations are used in the same modality. Attentionally demanding tasks such as the determination of brightness (Segal & Fusella, 1969) or left/right locations judged simultaneously with the presentation of conceptually very similar interfering tasks (Brooks, 1968) may indeed be vulnerable to this criticism. However, this line of argument, if used against DVN, seems to be stretched by the finding of the differential effects of DVN on size comparison compared with the spatial tracking task, and the clear finding that increasing the rate of noise or making it equiluminant respectively increases or decreases the DVN effect. The nature of the change in the interference with the manipulation of DVN is less related to the primary task than the interference tasks Pylyshyn criticized. That two types of interference occurred (reading and DVN), that DVN probably interferes because of both dynamic change and brightness contrast, that looking at DVN does not require decisions to be made, and that no interference was found for spatial tracking also weaken Pylyshyn's objections to the interpretation of interference tasks based on the activation of similar visual grammars. So although Pylyshyn raised valid points concerning problems of the similarity of interference tasks with primary tasks, there seems to be an underestimation of the depth and range of findings concerning interference effects in working memory. The criticisms of interference tasks are thus weaker when applied to the extensive interference literature associated with the working memory model and the range of interference effects demonstrated in these experiments.
The findings of these experiments are currently being extended by systematically manipulating the parameters and nature of DVN and contrasting these effects across a range of visual memory and imagery tasks (Dewhurst, Dean, & Whittaker, 2004) . These in-clude the judgment of high and low imagery sentences (Eddy & Glass, 1981) , properties of animals (Kosslyn, 1976) , and transitive inferences (Knauff & Johnson-Laird, 2002) . Other symbolic comparison tasks such as the comparison of mental clocks (Paivio, 1978a) and brightness judgments (Paivio & te Linde, 1980 ) that may involve the use of spatial or visual information contained within the pictorial properties of an image are also being explored. Initial findings for the comparison of brightness (Dewhurst et al., 2004) indicate that DVN of differing types (e.g., full color) not only interferes with the generation of images in these tasks but also degrades the quality of the representation formed. This results in changes to the slope of the symbolic distance function and not just the overall RT.
The manipulations of DVN include dynamic changes in different dimensions such as length, orientation, size, location, and color, plus different forms of spatial interference presented by visual change (e.g., visual flow). The idea that spatial and visual information can be changed dynamically in many dimensions, along with findings that DVN interference can be selective to a particular dimension (Dean et al., 2002) , offers the intriguing possibility that the role of different forms of visual and spatial information in VSSTM and the separation of structures that support these can be explored with DVN that changes precisely in a selected dimension. By exploring which types and ranges of visual and spatial DVN interfere with which imagery and visual memory paradigms and stimuli, it is hoped that DVN will develop into a tool that can provide greater insight into the structure of VSSTM, its relation to imagery and analogical representations, and the role these might play in cognitive tasks.
